W o r l d o f R e p r o d u c t i v e B i o l o g y piRNAs Power Sperm Development in the Adult
Charlotte Schubert, Ph.D., Science Writer PIWI-interacting RNAs (piRNAs)-small 23-32 nucleotide single-stranded RNAs-function before birth in prospermatogonia, the early cellular precursors to mammalian sperm. There, piRNAs are known to quell the activity of transposable elements. But another set of piRNAs operates in the adult testis, and less is known about what these RNAs do. A new study finds that these RNAs not only quell transposable elements in the testis, they also seem to regulate the developmental program of spermatogenesis, possibly by altering chromatin state [1] .
Shu Ly Lim et al. began by asking about methylation of piRNAs, which is known to occur in the testis at the 3 0 end of these RNAs. In other species, the enzyme that mediates this methylation has been identified, HEN methyltransferase (HENMT1). To explore the role of this enzyme in mammals, the researchers examined male mice homozygous for a point mutation in the gene encoding HENMT1.
The researchers found that piRNAs in the testis were unmethylated and unstable. In addition, these males were infertile, with a range of defects in sperm development in the testis. Retrotransposons became active in adult meiotic cells and haploid germ cells, and many RNAs involved in spermatogenesis were precociously expressed.
It seems as if the testis-specific piRNAs do not operate by affecting RNA stability or by regulating translation, tasks that small RNAs are known to do in other cells. Instead, the researchers provide evidence that these piRNAs-also called pachytene piRNAs-can modify gene expression by altering chromatin. The researchers performed ChIP and and qPCR experiments on several key spermiogenesis genes in wild-type and mutant mice. The genes in the mutant mice contained increased levels of activating histone marks, suggestive of an open, transcriptionally permissive chromatin structure. This finding jibes with previous studies in flies, showing that piRNAs affect histone marks.
The phenotype of the HENMT1 mutant mice resembles a human infertility condition called oligoasthenoteratospermia (OAT), which is treated with ICSI (intra-cytoplasmic sperm injection). The researchers raise the concern that such individuals may be transmitting sperm with active transposable elements and massively altered mRNA profiles, perhaps to the detriment of their descendants' health.
